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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film coil 
which is low in resistance and inductance and its forming 
method, a thin-film magnetic head using the thin-film coil, 
a thin-film inductor, and a thin-film magnetic sensor. 
SOLUTION: An insulation film 15 is formed at least on all 
the sides of the conductor 14 of a first winding part 1 1 , 
and the conductor 17 of a second winding part 12 is 
formed on a base body 1 through the intermediary of the 
insulating film 15, to form a thin film 10. A plating priming ^ 
film 13 is formed on the base body 1, the conductor 14 of ~ 
a first winding part 1 1 is formed thereon through plating; 
the plating priming film 13 other than its part under the 
conductor 14 is removed by etching; an insulating film 15 
is formed so as to cover the entire surface; a second 

plating priming film 16 is formed on the insulating film 15; the conductor 17 of a second 
winding part 12 is formed on the second plating priming film 16, between the first winding part 
1 1 ; and the second plating priming film 1 6 on the insulating film 1 5 of the first winding part 1 1 
is removed to form the thin-film coil 10. A thin-film magnetic head provided with the thin-film 
coil 10, a thin-film inductor, and a thin-film magnetic sensor are formed. 
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ABSTRACTED-PUB-NO: JP20021 51 332 A 
BASIC-ABSTRACT: 

NOVELTY - An insulating film (15) covers sides of each conductor (14) of wire 
winding section (11) formed on a base membrane (13). Other conductor (17) is 
formed on the base membrane (16) between the conductors (14). 



DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the following: 



(1) Thin film coil manufacturing method; 

(2) Thin film magnetic head; 

(3) Thin film inductor; and 

(4) Thin film magnetic sensor. 
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USE - For thin film magnetic head (claimed) of video recorder, thin film 
inductor (claimed) and thin film magnetic sensor (claimed). 

ADVANTAGE - Since the insulated isolation between conductors is reliably done 
by insulating film, production yield of the coil is improved. Thickness of the 
coil is increased, thereby reducing resistance and inductance of the coil. 

DESCRIPTION OF DRAWING(S) - The figure shows a sectional view of the thin film 
coil. (Drawing includes non-English language text). 

Wire winding section 11 

Base membranes 13,16 

Conductors 14,17 

Insulating film 15 

ABSTRACTED-PUB-NO: US20020101683A 
EQUIVALENT-ABSTRACTS: 

NOVELTY - An insulating film (15) covers sides of each conductor (14) of wire 
winding section (11) formed on a base membrane (13). Other conductor (17) is 
formed on the base membrane (16) between the conductors (14). 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the following: 

(1) Thin film coil manufacturing method; 

(2) Thin film magnetic head; 

(3) Thin film inductor; and 

(4) Thin film magnetic sensor. 

USE - For thin film magnetic head (claimed) of video recorder, thin film 
inductor (claimed) and thin film magnetic sensor (claimed). 

ADVANTAGE - Since the insulated isolation between conductors is reliably done 
by insulating film, production yield of the coil is improved. Thickness of the 
coil is increased, thereby reducing resistance and inductance of the coil. 

DESCRIPTION OF DRAWING(S) - The figure shows a sectional view of the thin film 
coil. (Drawing includes non-English language text). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head constituted by having a thin 
film coil, a thin film inductor, and a thin film magnetometric sensor with respect to a thin film coil (thin 
film coil) and its formation approach. 
[0002] 

[Description of the Prior Art] In the magnetic head for videocassette recorders which performs 
record/playback with the MAG to magnetic tapes, such as the so-called helical system magnetic tape 
system, for example, a video tape etc., since it has the composition of detecting the signal recorded on 
the tape through the rotary transformer connected to the latter part of a coil, the resistance of a coil has 
constraint, and in order to receive a frequency response, it is necessary to set direct current resistance to 
about 3ohms or less low. Furthermore, in order to make it correspond to the RF band response of 
200MHz or more, it is necessary to set an inductance to 100 or less nHs. 

[0003] And if an above-mentioned inductance tends to form the thin film inductive head of 100 or less 
nHs by the formation approach of the conventional thin film magnetic head, 20 micrometers or less and 
the number of coiling will become [ magnetic-core length / 50 micrometers or less and the distance 
between magnetic poles ] 12 or less ****** s j n general. 

[0004] Here, the conventional coil formation approach is shown in drawing 19 A - drawing 20 G. First, 
as shown in drawing 19 A, the plating film which constitutes a coil 103 on a base 101, and the substrate 
film 102 for plating of the same presentation are formed. Next, as shown in drawing 19 B, a resist 1 10 is 
extensively applied on this substrate film 102. Then, by [ which back-develop negatives ] having made 
the resist 110 expose, as shown in drawing 19 C, a resist 1 10 is used as a predetermined pattern. 
[0005] Next, as it plates as one plating electrode and the substrate film 102 is shown in drawing 19 D, 
the plating film is formed on the substrate film 102 of a part without a resist 1 10. Then, as shown in 
drawing 20 E, the coil 103 which consists of the plating film remains by exfoliating a resist 1 10. 
[0006] And in order to separate the conductor of each coil 103 so that a coil 103 may carry out 
predetermined actuation, as shown in drawing 20 F, as opposed to the substrate film 102, ion etching 
104 using argon ion (Ar+) is performed, and the substrate film 102 between coils 103 is removed. 
Thereby, the thin film coil 103 in which a perspective view is shown is formed in drawing 20 G. 
[0007] 

[Problem(s) to be Solved by the Invention] by the way - the case where spacing of a coil 103 is usually 
designed in proportion [ almost ] to the height of a.coil 103, for example, the height of a coil 103 is 3 
micrometers - a coil 103 - each - spacing of about 2 micrometers was required for the conductor, for 
this reason, the conditions, i.e., the magnetic-core length, who mentioned above — 50 micrometers or 
less ~ a number of turns - the conditions of 12 or less ****** s -- a coil 103 - each ~ since spacing of a 
conductor was extended only to about 2 micrometers, about 3 micrometers of the coil height in the 
magnetic head were a limit. And however it may design in this case, the direct current resistance of a 
coil 103 will not be set to 7ohms or less. 
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[0008] Then, in order to make resistance of a coil 103 low, are more large in the thickness of a coil 103, 
and it is necessary to narrow spacing of a coil 103 and to expand the width of face of a coil 103. For 
example, when it is made sufficiently larger than the case (3/2) where the height of a coil 103 and the 
ratio of spacing are mentioned above, like [ at the time of setting spacing of 6 micrometers and a coil 
103 to 1 micrometer for the height of a coil 103 ], resistance of a coil 103 can be reduced. 
[0009] However, since the substrate film 102 cannot remove completely even if it is going to etch the 
substrate film 102 in this case after plating the plating film of a coil 103, the problem that a coil 103 
cannot be formed correctly arises. 

[0010] That is, as shown in drawing 21 A, it is going to remove the substrate film 102 on a base 101, 
and it is argon ion Ar+, for example. If it is used and ion etching 104 is performed, as shown in drawing 
21 B, it will jump out in coil 103 side face in which particle 104' (Ar+) emitted from the parallel beam 
of argon ion consists of the plating film, the metallic material Cul05, for example, the copper, of a coil 
103. That is, the side face of a coil 103 is deleted and the reattachment (deposition) of the shaved copper 
Cul05 is carried out to the substrate film 102 of a bottom. 

[001 1] And when the coil 103 became thick, the argon ion molecule has stopped being able to arrive 
even to the substrate film 102 easily. For this reason, since reattachment, such as copper to the substrate 
film 102, becomes dominance from etching of the substrate film 102, the substrate film 102 becomes is 
hard to be removed. Therefore, since the substrate film 102 cannot remain between coils 103 and the 
substrate film 102 between coils 103 cannot be completely removed as shown in drawing 21 C, it 
becomes impossible to separate each coil 103, and between coils 103 will short-circuit. 
[0012] Resistance was more nearly impossible for forming a low small thin film inductive head with 
about 2ohms than the above thing. 

[0013] For solution of the problem mentioned above, the thin film magnetic head and the thin film 
inductor which used this thin film coil for the thin film coil which is low resistance and a low inductance 
and its formation approach, and a list, and a thin film magnetometric sensor are offered in this invention. 

[0014] 

[Means for Solving the Problem] The thin film coil of this invention has at least the 1st coil section and 
the 2nd coil section which were formed with the thin film of a conductor and formed on the same base, 
and changes, the whole side face is covered at least, an insulator layer is formed, and the conductor of 
the 2nd coil section is a thing of the conductor of the 1st coil section currently formed through the 
insulator layer on the base. 

[0015] According to the configuration of the thin film coil of above-mentioned this invention, since 
insulating separation of the conductor of the 1st coil section and the conductor of the 2nd coil section is 
carried out by the wrap insulator layer in the whole side face of the conductor of the 1st coil section, it 
becomes possible to form the 1st coil section and the 2nd coil section at narrow spacing. 
[0016] The process at which the formation approach of the thin film coil of this invention forms the 
substrate film for plating on a base, The process which forms the conductor of a thin film coil by the 
predetermined pattern by plating on the substrate film for plating, a conductor - with the process which 
carries out etching removal of the substrate film for plating other than the lower substrate film for 
plating, and forms the 1st coil section of a thin film coil The process which covers a front face and forms 
an insulator layer extensively, and the process which forms the 2nd substrate film for plating on an 
insulator layer, It has the process which removes the 2nd substrate film for plating on the insulator layer 
of the process which forms the conductor of the 2nd coil section of a thin film coil by the predetermined 
pattern by plating on the 2nd [ between the 1st coil section ] substrate film for plating, and the 1st coil 
section. 

[0017] According to the formation approach of the thin film coil of above-mentioned this invention, 
insulating separation of the conductor of the 1st coil section is carried out by forming the 1st coil 
section, covering a front face and forming an insulator layer extensively. Since the conductor of the 2nd 
coil section is formed on the 2nd plating substrate film formed on this insulator layer, the conductor of 
the 1st coil section and the conductor of the 2nd coil section serve as structure not flowing, and the thing 
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for which the 2nd substrate film for plating on the insulator layer of the 1st coil section is removed — the 
2nd coil section — each — a conductor — the 2nd substrate film for plating connected in between cuts — 
having — the 2nd coil section — each — a conductor is also separated, thereby — the 1st coil section and 
the 2nd coil section — each ~ the thin film coil with which the conductor was separated can be formed. 
[0018] The thin film magnetic head of this invention has at least the 1st coil section and the 2nd coil 
section which were formed on the same base, and changes. It has the thin film coil of the conductor of 
the 1st coil section with which the conductor of the 2nd coil section is formed through the insulator layer 
by covering the whole side face at least and forming an insulator layer on the base, and two magnetic 
cores are arranged through a magnetic gap at a point on both sides of a thin film coil. 
[0019] according to the configuration of the thin film magnetic head of above-mentioned this invention, 
the magnetic core is arranged on both sides of the thin film coil of this invention mentioned above — the 
conductor of a thin film coil - a thin film coil since between can be narrowed - thick - forming - 
reducing resistance ****-- for example, strengthening the field which increases the number of turns 
of a thin film coil in the same area, and is generated in a magnetic core ****-- for example, the area of a 
thin film coil can be reduced with the same number of turns. 

[0020] The thin film inductor of this invention has at least the 1st coil section and the 2nd coil section 
which were formed on the same base, and changes. Even if there are few conductors of the 1st coil 
section, cover the whole side face and an insulator layer is formed. The conductor of the 2nd coil section 
is equipped with the thin film coil currently formed through the insulator layer on the base, and the 1st 
coil section of a thin film coil and the 2nd coil section are connected electrically, and the end of a thin 
film coil is connected outside, and let the other end be the free end. 

[0021] according to the configuration of the thin film inductor of above-mentioned this invention, the 
magnetic core is arranged on both sides of the thin film coil of this invention mentioned above - the 
conductor of a thin film coil — a thin film coil since between can be narrowed -- thick - forming - 
reducing resistance **** - for example, the number of turns of a thin film coil can be increased in the 
same area. 

[0022] The thin film magnetometric sensor of this invention has at least the 1st coil section and the 2nd 
coil section which were formed on the same base, and changes, and it has the thin film coil of the 
conductor of the 1st coil section with which the conductor of the 2nd coil section is formed through the 
insulator layer by covering the whole side face at least and forming an insulator layer on the base, and 
changes. 

[0023] according to the configuration of the thin film magnetometric sensor of above-mentioned this 
invention, the magnetic core is arranged on both sides of the thin film coil of this invention mentioned 
above - the conductor of a thin film coil - a thin film coil since between can be narrowed : - thick ~ 
forming - reducing resistance ****-- for example, the number of turns of a thin film coil can be 
increased in the same area. 
[0024] 

[Embodiment of the Invention] It has at least the 1st coil section and the 2nd coil section which were 
formed on the same base, and changes, and this invention is the thin film coil formed with the thin film 
of a conductor, and the. conductor of the 2nd coil section is [ the whole side face is covered at least, an 
insulator layer is formed, and ] a thin film coil of the conductor of the 1st coil section currently formed 
through the insulator layer on the base. 

[0025] Moreover, in the above-mentioned thin film coil, the conductor of the 1st coil section is formed 
for this invention through the substrate film for plating on a base, and the conductor of the 2nd coil 
section is considered as the configuration currently formed through the substrate film for plating on the 
insulator layer. 

[0026] The process at which this invention forms the substrate film for plating on a base, and the process 
which forms the conductor of a thin film coil by the predetermined pattern by plating on the substrate 
film for plating, a conductor - with the process which carries out etching removal of the substrate film 
for plating other than the lower substrate film for plating, and forms the 1st coil section of a thin film 
coil The process which covers a front face and forms an insulator layer extensively, and the process 
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which forms the 2nd substrate film for plating on an insulator layer, It is the formation approach of a 
thin film coil of having the process which removes the 2nd substrate film for plating on the insulator 
layer of the process which forms the conductor of the 2nd coil section of a thin film coil by the 
predetermined pattern by plating on the 2nd [ between the 1st coil section ] substrate film for plating, 
and the 1st coil section. 

[0027] This invention has at least the 1st coil section and the 2nd coil section which were formed on the 
same base, and changes. It is the thin film magnetic head equipped with the thin film coil of the 
conductor of the 1st coil section with which the conductor of the 2nd coil section is formed through the 
insulator layer by covering the whole side face at least and forming an insulator layer on the base by 
which two magnetic cores have been arranged through a magnetic gap at the point on both sides of a 
thin film coil. 

[0028] This invention has at least the 1st coil section and the 2nd coil section which were formed on the 
same base, and changes. Even if there are few conductors of the 1st coil section, cover the whole side 
face and an insulator layer is formed. The conductor of the 2nd coil section is a thin film inductor by 
which it has the thin film coil currently formed through the insulator layer on the base, and the 1st coil 
section of a thin film coil and the 2nd coil section are electrically connected, and the end of a thin film 
coil is connected outside, and the other end is used as the free end. 

[0029] This invention has at least the 1st coil section and the 2nd coil section which were formed on the 
same base, changes, and the whole side face is covered at least, and an insulator layer is formed, and it is 
a thin film magnetometric sensor which is equipped with the thin film coil of the conductor of the 1st 
coil section with which the conductor of the 2nd coil section is formed through the insulator layer on the 
base, and changes. 

[0030] Drawing 1 shows the outline block diagram (perspective view) of a thin film coil as a gestalt of 1 
operation of this invention. This thin film coil 10 consists of the 1st coil section 1 1 (1 1 A-l IB) and the 
2nd coil section 12 (12A-12B) which were spirally formed on the base 1, respectively. Respectively the 
1st coil section 1 1 is arranged inside, the 2nd coil section 12 is arranged outside, the two coil sections 1 1 
and 12 change, and spacing of the two coil sections 1 1 and 12 is formed very narrowly so that it may 
mention later. In addition, in drawing 1 , the slash was given to the 1st coil section 11, and it has 
distinguished from the 2nd coil section 12. 

[0031] And if edge 1 1A of the outside of the 1st coil section 1 1 and edge 12B inside the 2nd coil section 
12 are electrically connected with wiring etc., the edge of the 1st coil section 1 1 and the edge 10 of the 
2nd coil section 12, i.e., the thin film coil with narrow spacing which consists of the 1st coil section 1 1 
and the 2nd coil section 12, are constituted. What is necessary is just to arrange this wiring through an 
insulator except for the contact section on the conductor of the coil sections 1 1 and 12, or under a 
conductor. 

[0032] The alloy which has the metallic material, for example, the copper, the gold, the silver, the 
platinum, the aluminum, or these metals of low resistance as an ingredient of the thin film coil 10 is 
used. Since especially copper can be easily formed by plating, it is suitable for the ingredient of the thin 
film coil 10. 

[0033] Then, the sectional view in A- A of drawing 1 is shown in drawing 2 . In the 1st coil section 1 1, 
the conductor 14 of a coil is formed through the substrate film 13 on a base 1, and the top face and side 
face of a conductor 14 are extensively covered by the insulator layer 15. In the 2nd coil section 12, there 
is an insulator layer 15 which has covered the conductor 14 of the 1st coil section 1 1 on the base 1, the 
substrate film 16 is formed on it, and the conductor 17 of a coil is formed on this substrate film 16. 
Moreover, the substrate film 16 is formed also in the outside of the insulator layer 15 of the side face of 
the 1st coil section 1 1 . 

[0034] The substrate film used as an electrode for forming the conductors 14 and 17 of a coil by plating 
remains, and the substrate film 13 and the substrate film 16 are constituted by the same ingredient as 
conductors 14 and 17. 

[0035] Although especially the ingredient of an insulator layer 15 is not limited, an alumina (aluminum 
203) can be used, for example. 
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[0036] Insulating separation of the conductor 14 of the 1st coil section 1 1 and the one turn [ every ] 
conductor 17 of the 2nd coil section 12 is carried out by the insulator layer 15, respectively by 
considering the thin film coil 10 of the gestalt of this operation as such a configuration. Moreover, 
spacing between the 1st coil section 1 1 and the 2nd coil section 12 is very narrow, and spacing of 
conductors 14 and 17 is narrow as compared with the width of face of conductors 14 and 17. this each 

- among conductors 14 and 17, an insulator layer 15, the substrate film 16, and few clearances only 
exist. 

[0037] Then, the formation approach of the thin film coil 10 of the gestalt this operation is explained. 
First, as shown in drawing 3 A, the conductor 14 of the 1st coil section 1 1 is formed by plating through 
the substrate film 13 on a base 1. This conductor 14 sets and forms spacing in consideration of the part 
in which the 2nd coil section 12 is formed behind. The process to the condition of this drawing 3 A is 
performed according to the process of drawing 19 [ of the conventional formation approach explained 
previously ] A - drawing 20 E. 

[0038] Next, as shown in drawing 3 B, etching removes the substrate film 13 of parts other than under a 
conductor 14. The ion etching using the argon ion (Arf) mentioned above, for example can perform 
etching at this time. 

[0039] Next, as shown in drawing 3 C, a conductor 14 is covered and an insulator layer 15, for example, 
an alumina, is formed extensively. At this time, the front face of a base 1 is covered by the insulator 
layer 15 in the field in which the 2nd coil section 12 is formed behind. 

[0040] Then, as shown in drawing 4 D, on an insulator layer 15, a front face is covered and the substrate 
film 16 for plating is formed extensively. Next, as shown in drawing 4 E, a resist 21 is extensively 
applied on the substrate film 16. 

[0041] And by exposing and developing a resist 21, as shown in drawing 4 F, patterning of the resist 21 
is carried out to a predetermined pattern. He is trying for a resist 21 to remain in the side face of the 1st 
coil section 1 1 thinly at this time. 

[0042] Next, as it plates by considering as an electrode and the substrate film 16 is shown in drawing 5 
G, the conductor 17 of the coil of the 2nd coil section 12 is formed in the crevice between resists 21. 
Then, a resist 21 is removed as shown in drawing 5 H. At this time, few clearances are formed between 
the side face of the 1st coil section 11, and the conductor 14 of the 2nd coil section 12. 
[0043] Furthermore, as shown in drawing 5 I, the ion etching which etched for example, mentioned 
above the substrate film 16 in the front face of the 1st coil section 1 1 removes, thereby - the 2nd coil 
section 12 -.- each - a conductor 17 is separated. After that, the whole is formed for a wrap insulator 
layer, wiring, etc., and a thin film coil is completed. Thus, the thin film coil 10 shown in drawing 1 and 
drawing 2 can be formed. 

[0044] In addition, the configuration of the thin film coil 10 of the gestalt of this operation can be 
applied also when forming the conductor of a coil by approaches other than plating, there is not in that 
case, and it turns into the configuration that the conductor 14 was formed on the base 1 and the 
conductor 17 was formed on the insulator layer 15. [ of 13 and 16 substrate film of drawing 2 ] that case 

- each - insulating separation of the conductors 14 and 17 can be carried out by the insulator layer 15. 
[0045] However, as especially mentioned above, as compared with width of face, it is large in the 
thickness of a coil, namely, since the aspect ratio of the crevice which forms the conductor of a coil 
becomes large when it is going to enlarge the aspect ratio of a coil, there is an advantage of being easy to 
form the film with better forming a conductor by plating. 

[0046] Moreover, with the gestalt of this operation, although the top face of the conductor 14 of the 1st 
coil section 1 1 is extensively covered by the insulator layer 15, the top face of a conductor 14 does not 
necessarily need to be extensively covered with an insulator layer 15. If the insulator layer 15 has 
covered all the side faces of a conductor 14 at least and the insulation with this conductor 14 and the 
substrate film 16 for the 2nd coil section 12 is secured, even if a part of top face of a conductor 14 has a 
part without an insulator layer 15, it is possible to make it operate as a thin film coil. 
[0047] according to the thin film coil 10 of the gestalt of this above-mentioned operation, in the 1st coil 
section 1 1, the top face and side face of a conductor 14 are covered with the insulator layer 15, and the 
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conductor 17 is formed through the insulator layer 15 same on a base 1 in the 2nd coil section 12 - an 
insulator layer 15 — a coil 10 — each — insulating separation of the conductors 14 and 17 can be carried 
out certainly, even if this narrows and forms spacing of the two coil sections 1 1 and 12 — each — since 
insulating separation of the conductors 14 and 17 is carried out and leak is not generated, spacing of a 
coil can be made narrower than before. For example, it can narrow with 1.5 micrometers or less, 
moreover — even if it thickens a coil - each - since insulating separation of the conductors 14 and 17 is 
carried out, a coil can be made thicker than before. For example, it can form in the thickness of 4 
micrometers or more. Therefore, while being able to raise easily the aspect ratio (width of face of the 
height/coil of a coil) of a coil to three or more, the thickness of a coil can be increased and resistance and 
the inductance of a coil can be reduced. 

[0048] furthermore, the insulator layer 15 — certain — a conductor - since insulating separation of a 
between is made, the yield of coil formation is improvable. 

[0049] Like the thin film coil 10 of the gestalt of above-mentioned operation, the thin film coil of this 
invention can apply a thin film coil to the various components and equipment which have and change. 
The gestalt of operation in that case is shown below. 

[0050] Drawing 6 shows the outline block diagram (perspective view) of the thin film magnetic head of 
an inductive mold as a gestalt of other operations of this invention. Magnetic gap (record gap) G is 
formed in the point between the lower layer magnetic core 33 and its upper upper magnetic core 34, and, 
as for this thin film magnetic head 30, the thin film coil 37 is arranged in pars intermedia. The thin film 
coil 37 consists of the 1st coil section 35 and the 2nd coil section 36 which have the same configuration 
as the thin film coil 10 shown in drawing 1 and drawing 2 . Wiring 38 is connected to edge 35B inside 
the 1st coil section 35. Moreover, edge 35A of the outside of the 1st coil section 35 and edge 36B inside 
the 2nd coil section 36 are connected with the connection wiring 39, as a broken line shows. Thus, by 
connecting, the current of the same direction can flow in the 1st coil section 35 and the 2nd coil section 
36, and the magnetic flux generated according to a current can be suited in slight strength. Moreover, 
each of these configurations are formed on a substrate 31, and the insulator layer 32 which serves as the 
magnetic gap film is formed between the thin film coil 37 and the substrate 31. 
[0051] This thin film magnetic head 30 can be formed as follows, for example. First, as shown in 
drawing 7 A, the lower layer magnetic core 33 is formed by the thickness of 3 micrometers by plating a 
permalloy (nickel-Fe system alloy) to a substrate 31, for example, an ARUTIKKU substrate. Moreover, 
as shown in drawing 7 B, the connection wiring 39 for connecting the two coil sections 35 and 36 of the 
thin film coil 37 is formed behind the lower layer magnetic core 33. 

[0052] Next, after carrying out the spatter of the alumina film 40 to the thickness of 5 micrometers 
extensively, as shown in drawing 7 C, flattening of the perimeter is carried out to the part of the lower 
layer magnetic core 33 by mechanical polishing. This is processing for performing the process after this 
simply, and the lower layer magnetic core 33 and the connection wiring 39 expose it to the front face of 
the alumina film 40 by flattening processing. 

[0053] Next, for example, the alumina film is extensively formed in thickness of 0.5 micrometers as an 
object for gap film. Thereby, as shown in drawing 8 D, the lower layer magnetic core 33 and the 
connection wiring 39 are covered by the alumina film. This drawing 8 D shows as an insulator layer 32 
which sets the alumina film 40 and gap film which were formed previously, and consists of the alumina 
film. 

[0054] Then, as shown in drawing 8 E, in order to form the connection hole 42 in contact with the hole 
41 for the back gaps for connecting an up magnetic pole and a lower magnetic pole, and the connection 
wiring 39, some gap film on the back end section of the lower layer magnetic core 33 and the both ends 
of the connection wiring 39 (insulator layer 32) is removed. Physical etching by ion etching and the 
dissolution by the alkali solution may be used for removal of this gap film. 

[0055] Next, as shown in drawing 8 F, the conductor 43 of the 1st coil section 35 of the thin film coil 37 
is formed on an insulator layer 32. According to the formation approach of the thin film coil mentioned 
above, the plating substrate film is first formed on an insulator layer 32, and patterning of the resist (not 
shown) is carried out to the form of a thin film coil. At this time, the pattern of a resist is formed so that 
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it may become a conductor in every other [ applicable to the 1st coil section 35 of the conductors of the 
thin film coil 37 finally formed so that the substrate film may be easy to be etched ] one. Thus, the 
conductor 43 of the 1st coil section 35 which consists of the plating film is formed. This conductor 43 is 
formed so that edge 43 A of one of these may bury the connection hole 42 by the side of the back end of 
the connection wiring 39, and thereby, the electrical installation of the conductor 43 of the 1st coil 
section 35 and the connection wiring 39 is made. 

[0056] Next, after exfoliating a resist with a solvent, for example, an acetone, ion etching equipment 
removes the substrate film of parts other than under a conductor 43. Then, a conductor 43 is covered, an 
insulator layer (it is equivalent to the insulator layer 15 of drawing 2 ), for example, the alumina film, is 
formed in thickness of 0.2 micrometers, and the coil section 35 of [ 1st ] the thin film coils 37 is formed. 

[0057] Then, as shown in drawing 9 G, the conductor 44 of the 2nd coil section 36 of the thin film coil 
37 is formed similarly. Etching removal of the insulator layer which is burying the connection hole 42 
on introduction and the front end section of the connection wiring 39 is carried out. Next, the substrate 
film is formed for the conductor 43 of the 1st coil section 35 on a wrap insulator layer, and a resist 
pattern is formed so that it may have a crevice between the 1st coil section 35 on the substrate film. And 
the conductor 44 of the 2nd coil section 36 is formed by plating. The conductor 44 of this 2nd coil 
section 36 is formed so that edge 44B of that inside may bury the connection hole 42 on the front end 
section of the connection wiring 39. Thereby, the electrical installation of the conductor 44 of the 2nd 
coil section 36 and the connection wiring 39 is made. 

[0058] then, the substrate film for plating which grinds a front face and is in the top face of the 1st coil 
section 35 - removing — the 2nd coil section 36 each -- a conductor 44 is separated. And the thin film 
coil 37 which consists of the 1st coil section 35 and the 2nd coil section 36 is covered, and an interlayer 
insulation film is formed. At this time, a mask is carried out, and an interlayer insulation film is formed, 
or the interlayer insulation film on the hole 41 for back gaps is removed so that an interlayer insulation 
film may not bury the hole 41 for back gaps. 

[0059] Next, as shown in drawing 9 H, wiring 38 is connected to an interlayer insulation film through 

the connection hole which carried out opening at edge 35B inside the 1st coil section 35. 

[0060] Furthermore, the upper magnetic core 34 is formed above the thin film coil 37 and the lower 

layer magnetic core 33 so that the hole 41 for back gaps may be buried. The upper magnetic core 34 and 

the lower layer magnetic core 33 are connected through the hole 41 for back gaps, and a magnetic path 

is constituted. Thus, the thin film magnetic head 30 of the inductive mold shown in drawing 6 can be 

manufactured. 

[0061] In the thin film magnetic.head 30 of the gestalt of this operation, while narrowing the conductor 
43 of the thin film coil 37, and spacing between 44 by having the thin film coil 10 mentioned above and 
the thin film coil 37 of the same configuration, thickness of the thin film coil 37 is enlarged and 
resistance and an inductance are reduced. 

[0062] since [ and ] the thin film coil 37 can be used as the coil of a high consistency and the number of 
turns of the thin film coil 37 can be made [ many ] in the same area - flux density — increasing — 
electromagnetism — conversion efficiency can be raised. 

[0063] Moreover, since the thin film coil 37 can be formed thickly, it becomes possible to reduce the 
horizontal cross section of the thin film coil 37 required in order to pass the same current, and spacing of 
the thin film coil 37 can also be narrowed. Therefore, since it becomes possible to reduce the area of the 
field which the thin film coil 37 occupies, magnetic cores 33 and 34 can be made small and it becomes 
possible to attain the miniaturization of the magnetic-head 30 whole. 

[0064] Drawing 10 shows the outline block diagram (perspective view) of the thin film magnetic head of 
an inductive mold as a gestalt of the operation of further others of this invention. Especially as for the 
gestalt of this operation, the thin film coil has taken two-layer structure, and the coil of each class 
consists of the two coil sections further, respectively. That is, the thin film coil is formed of the four coil 
sections. 

[0065] This thin film magnetic head 50 has the thin film coil 57 of the two-layer structure of the lower 
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layer coil 53 which consists of the 1st coil section 51 and the 2nd coil section 52, and the upper coil 56 
which consists of the 1st coil section 54 and the 2nd coil section 55, and is constituted. Through the 
interlayer insulation film which is not illustrated, the lower layer coil 53 and the upper coil 56 counter 
up and down, and each other are arranged. 

[0066] And edge 54A of the outside of the 1st coil section 54 of the upper coil 56 and edge 51A of the 
outside of the 1st coil section 51 of the lower layer coil 53 are connected through the connection hole 
formed in the interlayer insulation film. Edge 54B inside the 1st coil section 54 of the upper coil 56 and 
edge 52B inside the 2nd coil section 52 of the lower layer coil 53 are connected, and edge 55B inside the 
2nd coil section 55 of the upper coil 56 and edge 5 IB inside the 1st coil section 51 of the lower layer 
coil 53 are connected. Edge 52A of the outside of the 2nd coil section 52 of the remaining lower layer 
coil 53 and edge 55A of the outside of the 2nd coil section 55 of the upper coil 56 are extended, and are 
connected outside. Thereby, the four coil sections 51, 52, 54, and 55 are electrically connected to one in 
the path 52A-52B-54B-54A-51A-51B-55B-55A. Thus, by connecting, the current of the same direction 
can flow in the four coil sections 51, 52, 54, and 55, and the magnetic flux generated according to a 
current can be suited in slight strength. 

[0067] The thing same among other configurations as the thin film magnetic head 30 of drawing 6 
attaches the same sign. However, since direct continuation of the coil sections of the thin film coil 57 is 
carried out in this case, connection wiring which connects the coil section is not formed. 
[0068] This thin film magnetic head 50 can be formed as follows, for example. First, as shown in 
drawing 1 1 A, the lower layer magnetic core 33 is formed by the thickness of 3 micrometers by plating a 
permalloy (nickel-Fe system alloy) to a substrate 31, for example, an ARUTDCKU substrate. 
[0069] Next, after carrying out the spatter of the alumina film 40 to the thickness of 5 micrometers 
extensively, as shown in drawing 1 1 B, flattening of the perimeter is carried out to the part of the lower 
layer magnetic core 33 by mechanical polishing. This is processing for performing the process after this 
simply, and the lower layer magnetic core 33 exposes it to the front face of the alumina film 40 by 
flattening processing. 

[0070] Next, for example, the alumina film is extensively formed in thickness of 0.5 micrometers as an 
object for gap film. Thereby, as shown in drawing 1 1 C, the lower layer magnetic core 33 is covered by 
the alumina film. This drawing 1 1 C shows as an insulator layer 32 which sets the alumina film 40 and 
gap film which were formed previously, and consists of the alumina film. 

[0071] Then, as shown in drawing 12 D, in order to form the hole 41 for the back gaps for connecting an 
up magnetic pole and a lower magnetic pole, some gap film on the back end section of the lower layer 
magnetic core 33 (insulator layer 32) is removed. Physical etching by ion etching and the dissolution by 
the alkali solution may be used for removal of this gap film. 

[0072] Next, as shown in drawing 12 E, the conductor 58 of the 1st coil section 51 of the lower layer 
coil 53 is formed on an insulator layer 32. Then, as shown in drawing 12 F, a conductor 58 is covered, 
an insulator layer 59, for example, the alumina film, is formed in thickness of 0.2 micrometers, and the 
coil section 51 of [ 1st ] the lower layer coils 53 is formed. 

[0073] Then, as shown in drawing 13 G, the conductor 60 of the 2nd coil section 52 of the lower layer 
coil 53 is formed similarly. The substrate film is formed for the conductor 58 of the 1st coil section 51 
on the wrap insulator layer 59, and a resist pattern is formed so that it may have a crevice between the 
1st coil section 51 on the substrate film. And the conductor 60 of the 2nd coil section 52 is formed by 
plating, then, the substrate film for plating which grinds a front fece and is in the top face of the 1st coil 
section 51 — removing — the 2nd coil section 52 - each — a conductor 60 is separated. 
[0074] And the lower layer coil 53 which consists of the 1st coil section 51 and the 2nd coil section 52 is 
covered, and an interlayer insulation film (or flattening film) is formed. At this time, a mask is carried 
out, and an interlayer insulation film is formed, or the interlayer insulation film on the hole 41 for back 
gaps is removed so that an interlayer insulation film may not bury the hole 41 for back gaps, then, the 
conductor of the edge of each coil sections 5 1 and 52 of the lower layer coil 53 - opening of the 
connection hole (not shown) is carried out for the conductor 58 of the upper insulator layer 51, i.e., the 
1st coil section, to the wrap insulator layer 60 and/or an interlayer insulation film (or flattening film). 
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[0075] Next, as shown in drawing 13 H, the conductor 61 of the 1st coil section 54 of the upper coil 56 
is formed. At this time, the both ends of a conductor 61 bury a connection hole, are formed, and are 
electrically connected to the conductor 58 of the 1st coil section 51 of the lower layer coil 53, or the 
conductor 60 of the 2nd coil section 52 through this connection hole. 

[0076] Next, as shown in drawing 14 I, an insulator layer 62, for example, the alumina film, is formed 
so that the conductor 61 of the 1st coil section 54 of the upper coil 56 may be covered. Thereby, the 1st 
coil section 54 of the upper coil 56 is formed. 

[0077] Then, as shown in drawing 14 J, the conductor 63 of the 2nd coil section 55 of the upper coil 56 
is formed. At this time, the edge inside a conductor 63 buries a connection hole, is formed, and is 
electrically connected to the conductor 58 of the 1st coil section 51 of the lower layer coil 53 through 
this connection hole. Thereby, the four coil sections 51, 52, 54, and 55 of the lower layer coil 53 and the 
upper coil 56 are connected to one. And the thin film coil 57 which consists of the lower layer coil 53 
and the upper coil 56 is covered, and an interlayer insulation film is formed. At this time, a mask is 
carried out, and an interlayer insulation film is formed, or the interlayer insulation film on the hole 41 
for back gaps is removed so that an interlayer insulation film may not be buried for the hole 41 for back 
gaps. 

[0078] Furthermore, the upper magnetic core 34 is formed above the thin film coil 57 and the lower 
layer magnetic core 33 so that the hole 41 for back gaps may be buried. The upper magnetic core 34 and 
the lower layer magnetic core 33 are connected through the hole 41 for back gaps, and a magnetic path 
is constituted. Thus, the thin film magnetic head 50 of the inductive mold shown in drawing 10 can be 
manufactured. 

[0079] since thickness of the thin film coil 57 is enlarged' and resistance is reduced like the thin film 
magnetic head 30 of the gestalt of previous operation in the thin film magnetic head 50 of the gestalt of 
this operation, while narrowing the conductors 58, 60, and 61 of the thin film coil 57, and spacing 
between 63 — electromagnetism — it becomes possible to be able to raise conversion efficiency, and to 
make magnetic cores 33 and 34 small, and to attain the miniaturization of the magnetic-head 50 whole. 
[0080] Since the thin film coil 57 has two-layer structure of the lower layer coil 53 and the upper coil 
56, especially the thin film magnetic head 50 of the gestalt of this operation can increase the number of 
turns of a coil, while magnetic-path length is short and there has been little area of the thin film coil 57 
to occupy, and has the advantage of becoming possible to raise the over- writing property of the 
magnetic head 50. 

[0081] In addition, the thin film inductive head which consists of an one-layer coil with which it has the 
coil of two or more layers separated electrically, respectively as a configuration of the other inductive 
mold thin film magnetic heads, and the coil of each class consisted of the two coil sections, respectively 
is also possible. 

[0082] The inductive mold thin film magnetic heads 30 or 50 of the gestalt of operation mentioned 
above can be used as the magnetic head 200 for helical scan as shown in drawing 15 . As shown in 
drawing 15 , it is prepared in the drum section 204 of the shape of a cylinder to which the magnetic head 
200 for performing magnetic recording becomes a magnetic tape 201 from the upper drum 203 and the 
bottom drum 202, and when a magnetic tape 201 runs along with the drum section 204, magnetic 
recording is made by the magnetic head 200. 

[0083] resistance of a coil reduces the inductive mold thin film magnetic heads 30 or 50 of the gestalt of 
operation mentioned above ~ having - electromagnetism - since conversion efficiency is improving, a 
frequency response characteristic improves in such the magnetic head 200 for helical scan. 
[0084] Then, the gestalt of another operation of this invention is explained. The gestalt of this operation 
is the case where a thin film coil is applied to a thin film inductor. Although it connects the end of a thin 
film coil with the exterior in applying to a thin film inductor, the point which uses the other end as the 
free end differs from the thin film coil for the magnetic heads. 

[0085] Drawing 16 shows the gestalt of the operation applied to the thin film inductor of a flat-surface 
mold. The thin film coil which consists of the 1st coil section 72 and the 2nd coil section 73 is formed 
on a substrate 71, and this thin film inductor 70 changes. Edge 72 A of the outside of the 1st coil section 
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72 is connected to the conductor 76 of the left end section on a substrate 71, edge 72B inside the 1st coil 
section 72 and edge 73 A of the outside of the 2nd coil section 73 are connected by wiring 74, and edge 
73B inside the 2nd coil section 73 has become the free end. And the conductor 75 is formed also in the 
right end section of the opposite side in the conductor 76 on a substrate 71 . This conductor 75 is not 
connected with a thin film coil. 

[0086] Moreover, drawing 17 shows the gestalt of the operation applied to the plane area layer type thin 
film inductor. This drawing 17 decomposes and shows the laminated structure of a thin film inductor. 
The thin film coil 81 which consists of the 1st coil section 82 and the 2nd coil section 83 is formed, and 
this thin film inductor 80 changes. Edge 82 A of the outside of the 1st coil section 82 is extended, and is 
connected outside, edge 82B inside the 1st coil section 82 and edge 83 A of the outside of the 2nd coil 
section 83 are connected by wiring 84, and edge 83B inside the 2nd coil section 83 has become the free 
end. And magnetic films 85 and 86 are arranged through the insulator layer which is not illustrated, and 
it grows into the upper and lower sides of the thin film coil 81. 

[0087] In these thin film inductors 70 and 80, by having the thin film coil of the configuration of this 
invention, and changing, spacing of a coil can be narrowed, and a coil can be thickened and resistance of 
a coil can be reduced. Moreover, the aspect ratio of a coil is enlarged or it becomes possible by setting 
width of face of a coil to 5 micrometers or less to prevent increase of resistance by the skin effect in a 
RF field, and to maintain low resistance. Moreover, it becomes possible to increase the number of turns 
of the coil per unit area, or to reduce the area of a thin film coil and to miniaturize the thin film inductors 
70 and 80. 

[0088] Such a thin film inductor can be used as a micro inductor for cellular phones. 
[0089] Then, the gestalt of still more nearly another operation of this invention is explained. The gestalt 
of this operation is the case where the thin film coil of this invention is applied to a thin film 
magnetometric sensor. 

[Q090] Drawing 18 shows the gestalt of the operation applied to the thin film magnetometric sensor. The 
high-permeability-materials film 91 A and 91B which serves as a core, respectively is formed in two on 
the substrate which does not illustrate this thin film magnetometric sensor 90, and the thin film coils 92 
and 93 are arranged around each high-permeability-materials film 91 A and 9 IB. Both these thin film 
coils 92- and 93 have the configuration of the thin film coil of this invention to which the two coil 
sections of this invention were connected, and change, the edge of each other [ while ] is connected with 
wiring 94, and the coil of a coil serves as reverse sense further. The receiver coil 95 and the feedback 
coil 96 which were formed with the thin film are formed in the outside of the thin film coils 92 and 93. 
[0091] The high-permeability-materials film 91 A and 91 B can be made to generate the magnetic flux of 
an alternating current of the reverse sense mutually by the thin film coils* 92 and 93 acting as an exiting 
coil, and passing the current of a specific period from the exterior. The induced voltage generated in the 
receiver coil 95 by this magnetic flux is changed into a direct-current- voltage signal (it is proportional to 
an external measured field) by the external circuit, and it amplifies further, and outputs outside as a field 
measurement signal, moreover, pass a negative feedback circuit (not shown) to negate the direct-current 
magnetic flux in high-permeability-materials film 91 A produced by the measured field, and 9 IB - 
highly precise field measurement based on a zero method can be performed by feeding back a current to 
the feedback coil 96. That is, this thin film magnetometric sensor 90 is a thin film magnetometric sensor 
which formed the so-called flux gate type of magnetometric sensor with the thin film (for example, refer 
to JP,8-201061,A). Such a thin film magnetometric sensor can be used as a magnetometric sensor for 
detecting the magnetometric sensor and feeble field for for example, earth magnetism amendment. 
[0092] In this thin film magnetometric sensor 90, resistance of a coil can be reduced by having the thin 
film coil of the configuration of this invention, and changing. It enables this to reduce applied voltage 
required in order to enlarge the amount of currents of a coil or to saturate magnetically the high- 
permeability-materials film 91 A and 9 IB used as a core to the same applied voltage. Moreover, it 
becomes possible to increase the number of turns of the coil per unit area, or to reduce the area of a thin 
film coil and to miniaturize the thin film magnetometric sensor 90. 

[0093] The gestalt of each above-mentioned operation shows the typical gestalt of a thin film coil, the 
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thin film magnetic head, a thin film inductor, and a thin film magnetometric sensor, and the 
configuration of details can make various change. For example, in a thin film coil, the sense of a coil, 
the number of turns of the coil section, how to connect connection of wiring, etc. can be changed into 
arbitration. 

[0094] In addition, the formation approach of the thin film coil of above-mentioned this invention can be 
applied when forming a metal thin film by approaches, such as plating, besides a thin film coil. For 
example, when forming wiring by the metal thin film in the component of various circuits, it is also 
possible to narrow spacing of wiring. 

[0095] This invention is not limited to the gestalt of each above-mentioned operation, and, in addition to 
this, various configurations can take it in the range which does not deviate from the summary of this 
invention. 
[0096] 

[Effect of the Invention] according to the above-mentioned thin film coil and its above-mentioned 
formation approach of this invention - an insulator layer - the 1st coil section of a thin film coil, and 
the 2nd coil section - each — insulating separation of the conductor can be carried out certainly. 
Thereby, it is narrower than before, for example, spacing of a coil can be set to 1.5 micrometers or less, 
moreover - even if it thickens a coil - each - since insulating separation of the conductor is carried out, 
it is thicker than before, for example, a coil can be formed in the thickness of 4 micrometers or more. 
Therefore, while being able to raise easily the aspect ratio (width of face of the height/coil of a coil) of a 
coil to three or more, the thickness of a coil can be increased and resistance and the inductance of a coil 
can be reduced, furthermore, an insulator layer - certain - a conductor - since insulating separation of 
a between is made, the yield of coil formation is improvable. 

[0097] Moreover, since a thin film coil is narrow spacing and it can be made low resistance by having 
the thin film coil of above-mentioned this invention, and constituting the thin film magnetic head, a thin 
film inductor, and a thin film magnetometric sensor, the properties (for example, magnetic parametric 
performance etc.) of these thin film magnetic head, a thin film inductor, and a thin film magnetometric 
sensor are raised, or it becomes possible to attain a miniaturization. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram (perspective view) of the thin film coil of the gestalt of 1 
operation of this invention. 

[Drawing 2] It is a sectional view in A-A of drawing 1 . 

[Drawing 3] A-C It is process drawing showing the formation approach of the thin film coil of drawing 
1 . 

[Drawing 4] D-F It is process drawing showing the formation approach of the thin film coil of drawing 
1. 

[Drawing 5] G-I It is process drawing showing the formation approach of the thin film coil of drawing 
1. 

[Drawing 6] It is the outline block diagram (perspective view) of the gestalt of operation of the thin film 
magnetic head of this invention. 

[Drawing 7] A-C It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 6 . 

[Drawing 8] D-F It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 6 . 

[Drawing 9] G, H It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 6 . 

[Drawing 10] It is the outline block diagram (perspective view) of the gestalt of other operations of the 
thin film magnetic head of this invention. 

[Drawing 11] A-C It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 10 . 

[Drawing 12] D-F It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 10 . 

[Drawing 13] G, H It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 10 . 

[Drawing 14] I, J It is the production process Fig. showing the manufacture approach of the thin film 
magnetic head of drawing 10 . 

[Drawing 15] It is drawing showing the configuration of the drum section equipped with the magnetic 
head for helical scan. 

[Drawing 16] It is drawing showing the gestalt of the operation which applied this invention to the thin 
film inductor. 

[Drawing 17] It is drawing showing the gestalt of other operations which applied this invention to the 
thin film inductor. 

[Drawing 18] It is drawing showing the gestalt of the operation which applied this invention to the thin 
film magnetometric sensor. 

[Drawing 19] A-D It is process drawing showing the formation approach of the conventional thin film 
coil. 
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[Drawing 20] E-G It is process drawing showing the formation approach of the conventional thin film 
coil. 

[Drawing 21] A-C It is drawing explaining the trouble in the formation approach of the conventional 
thin film coil. 
[Description of Notations] 

1, 31, 71 A substrate, 10, 37, 57, 81, 92, 93 Thin film coil, 11, 35, 51, 54, 72, 82 The 1st coil section, 12, 
36, 52, 55, 73, 83 The 2nd coil section, 13 16 The substrate film, 14, 17, 43, 44, 58, 60, 61, 63 
Conductor, 15, 59, 62 30 An insulator layer, 50 The thin film magnetic head, 33 Lower layer magnetic 
core, 34 38 The upper magnetic core, 39 Connection wiring, 53 Lower layer coil, 56 The upper coil, 200 
The magnetic head, 201 A magnetic tape, 204 70 The drum section and 80 A thin film inductor, 74, 84, 
94 85 Wiring, 86 A magnetic film, 90 Thin film magnetometric sensor 
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(57) [£»] 

[»sfc?ai m i o#*gg& 1 1 nrnfa 1 4<o^< t 

*J8TJIM!13£»jSU *<r)±.lz* v*fcJ: 0® 1(0 
£88 1 1 1 4 L , ; cOgft 1 4 twi-o 

2^*i 7£#jsu iiiiAmiffi i<?>tm 
^ioMi«nB»N7 mm yy??. mm 
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(2 

1 

x-h->x. 

JJE» 1 «>^aw>**tf>iKf < b i>Mffi£m&^X 
[MS*2] ±E»l«S«»<0»flclUJaS*±lc 10 

mm±samm±.G.x **jtfjiw«i-i/c««8*i 

fc. 

J&jg-rSIgfc, 20 

±i am i <7>muvm<7)±.n& 2 <r>* *m*m±. 

JbES 1 AMW «>JbElfilUUilcft « ±E» 2 -y 

^fflT«!)i^i^*-r sum tt-ri z t m®b 

im*m] n^m±.£.Bs8.ztvfi:mi<7)mi&k 30 

m20)%mt t t* 1/0*9 . 

jje» 1 mm<mm&%< t t>«nH£**«->T 

2o<7)JKm37tf_Lf£SIJi3 4 /UZmA,X'ib*^ti%mz 

®&*?v<y7Zftiximztifi:zb&mbt?>m® 

Jf52c9£IS$fc£^&<ki>#LTj£ l 5, 40 

jje» i o«««<«wiK^=flr< k mm±mm^x 
Him2mmmmt. ±imt±.iz±Mvm®z 

JJOTKa-f ;K^)±fem l to^lSgPt±l2S2^^gp 

fflgosti. ®m*&mbZh.x^z>zbwmbi-$> 

mm. 6 ] m~mk±.izBf$.ztiKf$ 1 ^ssgpt 
m2<r)m&b*>>%<bi>?iLxm. 50 



^2002-1 5 1332 
2 

jjesi 1 <omum#<v}?%< t tmrn-kmrn^x 

[000 1] 

txm^fvtzwms^y mm>y?9. mm 
®8,*y?i l z&frz>. 

[0002] 

a, miiih'T*T-7^<7)W3.T-T<,zMixmz 

X(i. 3>f /I^fttHcWISfifcn-^U-h^^t • 

2 0 0MHzJ£U:tf!)K««» 
!6»K*tJ6S*4fc»tCli-f V^? lOOnH 

[ o o o 3 ] * lt. «aw)3jss^^ y ^<mmm 
t,z j: o ±aw>-f y y? 9 yxtf i o o n h vxrnm&J 

yy7T<7^VZBf$.L£ob?hb. Hfcfi&mn 
T*#5 0/zmJ2lT. BttHBB0l3&«2OjumJaT, a-f 

[0004] i^T\ flyW53-OWM£&£*Hl 9A 
~H2 0GtC*t. i-f. B19Afcjj**.fc}(c, 
10 1±(C, a-f;H 0 3*fl|j<W4^'y*iti:ra«cO 
«W >y dffflcOTJfeK 1 0 2 $rfi£li1-S . Xfc. H 1 
9Bt*tJ:dfc:. COT4Ml0 2±(cP^M l 

§ «A£»9ft-r S ^k^<t0,lll9C Kjjrf J: 3 {c, 

[ o o o 5 ] TttK 102 *-u<r>* v *mmb 

IXX-v^i'ii-oX^ ai 9D(cSrfJ:3t, U^h 
1 1 OfiO^rO^cOTW 1 0 2±(C^ -y *K*»jftt 
-?-<?)^, ®2 0EiZ7rrtXoliZ, Ui/'XM 10^ 
*Mtt6ii:CJ:»), ^ -y^M*^«-S.3-f ;H o 3*< 

[0006] *LT, 3>f;H 03*%^O»#5r-rs 
±3fc#3 4/-H 0 3O^*^3J-i|-r.&^t, 02 0 
Ftl^-f ± TW8il0 21,ZftLXmx.\tT)Vl> 
4*y(Ar> ) JfflVtfc-f^yx-yfV/l 04^fir 
-)T. 3>f/H0 3<0[aoTlfiffil0 2$-^*-r«.„ C 
iltCiO, 02 0 G<,Z®Mm**?B®a ^H03# 

[0007] 
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(3) 

3 

summit, aara-on o 3^atsc«flrjtfifiurR 

ft^it-CfcOs fl^^^l 0 3<7)ig$#3jum<D*§ 
*(Ctt . 3^/H0 3 OftWfMC 2 /i tnSS<OSH*^ 

# 5 0 ju mOTT&£<»# 1 2 *-ViaT**frTtt. 
3-f;H 0 3W#«ft^SB3S-2jumgS*TL*>t£{f 
fcflfclrVIfcaWa. MCW Krttf>n-f/t'iS${±3//m 

mtX t> 3>f ;H 0 3*>E«Bfitfc#7 QOTtefci £ k 
l*firv». 10 
[0008] 3>f;no3«)asts*fi<-f4(c 
(i, 34;H 0 3cojRff£J:i3*g<, ^;H0 

4. W;ltf3>f;H03tf>J(Sfc6juin. 3^10 3 
<9lSffi£l/mfcLfc*£<>3j:'3fc, 3-OH0 3OS 
3klBII<*>tt*.B*Lfc*£ (3/2) J:Dft#*#< 
3^10 3Offiffi£ffiilftl>C:k#T' 

[00 09] Li>Lm. £*Nte(=tt. 34 /HO 
3<0* y^LfcttfcTiWBl 0 2£x.yf->- 20 

^Uk 5 k IX iTJfflR 1 0 2aWd5*lcll(*T*5flrVvfe 
*>fc. 3>f/H 0 3*jEU<»*-CS=0:V^^3ISIH*« 

[00 10]BII*>@2 1A(^-rJ:3C. Sf*10 1± 
«T*K1 0 2£l&£LcJ:5k LT, mHiT)Udy^ 
*>Ar< Zffi%LX4*y^vl'>?l0 4Z'Ko 
k. 02 1 BfcjR*-J:$lc, T^3-y-<^yc7)W^h' 
£>?6t8: Ucft? 1 0 4 ' ( Ar* ) *^ -y * H*> 
^JSia-f/HOSMBilcSfcO, 34/H 0 3O&JR 
WBWitflHC u 1 0 SjWRWM-. HPt>3-OH 0 3 30 
OfflffljWMfeilT, IWfenfcMC u 1 O 5ti. JSOTtte 

mi o 2(cwtt« mm) +&. 

[00 1 1] L*>k. a'f/HOS^K^ftltK 
J; 0 . T)V3>4 fyft&fTim 1 0 2 iX'EZ tc< 
<fco-Ov&. Z<r>tz#>. TtfilKl 0 2OX yf-y^J: 
0 iTiffiM 1 0 2 ^«^<0Bft«ft*ft»fc*4 fctot: 
T«10 2ilS?ilt:<<i5. iot, 02 1C 
iZTjk-^i. oiz, 3 4 ;H 0 3 comzitTim I02tm 
3>f/H03^Tflil0 2^l:|J«; 
k A { T'£ =5rV vttf> ,#3-f;H03 Zftmth Z k WX' 40 
J^<^tn^H03»y 3 -MtU^ 

[00 1 2] JiLhO^i:«t0. ffi£iffia { 2Qgj£tffl^ 

[0013] ±aL^raS^fg^£7)^»(^ 

wttt. m&-&4yy?f>xx'f>mm34Ji>& 
v*<rmmm. mcznmmDvzmwtmm. 

K. JSJK4 y^??. HBia»Hr>^t««1-i 
[0014] 50 



^2 00 2-1 5 1 33 2 
4 

1 ««««i:»20««»i:S:^*< k i>£t/0£9> 
ft 1 <om&m#<?>>J?%< k t flgBf^Mc^SoTlfiK 
M>WBJ*S*U ft20ttttffia*fMi> £fr±£ttJMR 

[00153 ±j&y*%m<mm34 twmuzxti 
ar. % i nmmmvmmiz&in o tmmz x 

9 , ft 1 O^I8^(7)^«c k $ 2 cftgiKSoS* k jWffit* 

v Wcm-f 5 £ k anTOBfcSr h . 
[0016] *3fei»oillH3>(yK^)Jftfc6«tt. SfcJb 

zmmhiMk. mmm^x±mmzimmm& 
Kfc4»2<o^ v^mTmmai-zxmktttz 

[0017] ±a«*5WB«aB|3>f A^BjjtlSrSfcfcJ: 

fflB*»«-t 4 £ k t J: 9 , * 1 

4MtSft4. »2«^awa|E»ttci^««iLb.t:»JS 

g5^«=k m 2<?>mmm#k mm i&mmk* 

d ffflT«ffll*l»*"f*£kfcJ:0. »2<o*«IW)«l 
(HWW-jT i «S» 2 •/ # fflTflWS^flJW^tit 
m20^H^O#^*t^5i$^5. dtifciO. ffl 
<0«W»a^* 2 OgM»a$«tt*<Mt3 n/i»^3 

[0018] wtmniuttmfrv Htt, H-a*±t 

»jSSiifc*lo«»«k»2<o«ll»ktiK:<kfc 
* LTfiE 9 . » 1 ««IMIW)W*<%J«Sr < k t fflffi^ 

2 0058^3 T*W^3 >f yl/*^T36>ojfe«»lca« 

v7£1tlxm9.Ztl?zi><DX'bi>. 

[0019] ±3&ttmwmam\v h«kiic «t 
war. ±a L^wn^mia >f n^ttx/easia r** 

xmz&mite*). mumtmrnx-mm^ 

Wt«fPit**«r«iR3>f;uoiii«*iS4."fik36«T 
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coo20] vy? m . ra-a*±t 

JB*3 fufcfll 1 W^Ugflk fll 2 <0#nas k td^fir < k fc 

nits -r ;i^>» i <ommi> k m 2 co^nas t wt 

** { §Ei3Sk$*vC^I>i<0T'£>l>. 
[0021] J^«**Wi*>fIBM yr^^<7)«(Kt«t 

war, ±MLK*mi<mt&34 fr&&A,?®ss>3T# 

[0022] **W«MWMR-feV^tt. H-*ft±fc: 
»J*«*ifc» 1 <9&tiaskSS2c7)£i8gBk £4"&< k t 

* Lr* o , » i ««iww«w(^w: < t i>mm±& 

±.izt&m&n-ixMf&ziix^mm34 ivzmtx 
$.hi><nx'bh. 

[oo23] ±M<o*m*omfm&* ywm&izz. 
tm, i&bttmwmoj ivi&AsX-m&ziTtf 

WMZtiX^&ZklzJ;*), SJ&34/U9SWS!£#K 

xmazmn uz o , mm m twrnx-mm? 4 >vm 

[0024] 

1 <mm»t1H2<^mb *^«Cr< b i>%ix®. o . 

m<r>mm>mmyj?%< b im^mm^xtm 
mm&zti. m2mmmmt. m±.izt&m 
iit ix&i&istix v ^mm=i 4 ivx-h h . 
[oo25] ±mm?4Mza^x. 
m i <r)mm<?>mmxm±.iz* ^wrvmat lt 
M&zti. &2v>m&<mm*tmm±jizx **jht 
mzftixm&ztLx^hm&b-th. 
[0026] *mut. m*±.izx >yjf mTtmmmtfi 

*-vcMfcM iv<mmimtz>jLn.k. m#T<D 

ixmm?4)wwiia)%®.%i>immhTMb. sm 
zw^x±mmzwm*BmhiMb , ttmLhc 

OSc7)^2^ ?*JTFiftlLtfc* -v^zX 
[0027] #JHH«. H-S«c±t»ifi§*ife» l'tf) 
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6 

*SMtSfcS2<04»k**frfr<k«>3rl/ClS 1 }, gil 
««IMK)*fla%J«5r< b hm®-kftm-oXim®tf 

xm^tix^mm^^ju^i. 2-5«37* < 
mi&34jv&mA,x'i)*'oftmiztiffi t ** -y nitix 

[0028] **P»i. H-**±fc»jftS*ifc» l co 

m®b%2mmb*>j>-%< bmix&w . mi 

10 MSii. m20^Hg|JW3|fWiSflc±t=ffiSJSf:^L 

[0029] H-»*±C»jfiS Wsll 1 0 

£l*g|5km20#||&k£^&<kMrt/Cj£>5. mi 

*2a^ttawmi£fU££IHR*4-L 
"C»*S*tTV^ai|3-f;^ffl|i-CJS*»iat«4ry 
20 VX'hh. 

[00301 H1 ii*mco-mmmmb ix s mm 
ajwrnnmim mmm) znmmu^ 

(HA~llB)ai«B2cO®«»12 
( 12A-12B) s6»fe«tt5fiT^4. 2otO^SP 

li, 1 2ii, *ti*tmw&eMi iwnmz. m 
2o^na 1 2mmizms. zhxhw , nm-ixo 

\,z2r>0M®&\ 1 2wraPWi^?irt$l5<^$ 

#i-cv^4 . a i -ca. » i <r>mm 1 1 ttwatft 

30 IX. m2<?)m&l 2kB8!UTV^. 

[0031 1 miO^HSPl Ic7)ffigpi:m2c0 

tttts 1 2 ossb, sp*>0iixtfm i o^sas 1 1 mm 
oagpi i Abm2<r>mMi 2^rt«o)HB«i 2Bk 

1 kJR20«ttSl 2k*^jSSiai!iO$)EO»IS3^;P 

i o*qtms*ii. d^iesti^isssi 1 . 1 2<m& 

"CiaWitfJ:^. 

[0 0 3 2] sHyt34/H0tf)*mkl/Oi. <SSt5tcO 

40 ^imfm^.»rM. a, e^. r;us-^AtL< 

iz£ vmUzBtftTZ Sfe*. »]R3-f;n OWHflfc 

[0033]^^T, iaic=OA-A(Ci3(f.S.BtMia^0 
2 t^f . ^ 1 ^^gp HCfcl vc« , 1 ±{CT 
JfilRl 3 5r^L"C3>f ;UOS«tl 4^*^$a, 31*1 

4 co±ffiRvmwim&m 1 5 -c'^sw wwafi-c v ^ 

S. S2<04S««1 2fcfcV>Ttt. S*l_tfcSl<OS 
tlSSl 10**14*a->TV^|fi(Hlli 5*^0. * 
50 0±fcT«SKl 636qB«Sit. i«)T*Kl 6±C3>f 
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fr<mm 7««$ftT^i>. 4fc, T«IHl6tt» 
* 1 1 1 ^flHlBONUUS 1 5*>5MI(cfcftjft3 
ftTH*. 

[00 34]T*Kl3Rtn r *ill6tt. a 4 Art* 

[0035] tmm 1 5«*««flw:iii)esn.«rv^. 
Witfr;ps-t (a ij o 3 ) zm^hz-bwx'Zb. 
[0036] ^M<mmnWSko4 )V i Ote, z.<nx 
oKm&tztix^&ztizxr). &w&agsi \<r> 

31*1 4fc»2tftfg«ai 2*81*1 7 fg^JUl 

*fc, $1 1 ifcs^a&ft»i2£afflaia 

■fcSMMcllKfcVCaO. **ttl4&tfl7<9(gfcifc 
«LT»»14aVl7^BliiWR<4->T^*. CO 
«W»U4Rtfl 7^IBWilft«Kl 5kTttill 6t 

[0037] «ivC. 4m«»ni09iiR3^A'l 00 

»**tfe«ww*. *r, 03A(c^-rj:atc. 

liKTiSKl 3*KLX%\<r)Wm\ \<mW\A 
Z*-v*lZ£<0Bm-&. I«|ftl'4tl. fifcgS2<7) 
2jW*3ft*#£#*U;iaiH£*$VYt#j* 

3fWDJBj*#S»>B 1 9 A~H2 0 ttff 

[0038] fcfc:. H3Bfcfl*tJ:dlC. gftl4T« 

(Ar* ) Srfflv^-fjryxyf-y^t.tOffd.It^ 
[0039] mz, 03C^-rJ:5tc. Sttl4£S 

->t£B«fcieit]im swiarr^s+ijBJws. 
m i ofwfg&n 1 5 x-g^fti. . 

[0 04 0] «wc, 04Dfc*rj:^t. 16*118? 1 5 

-f£. K(C H4EfcjjrfJ:3t:. T««l 6±fc^ffl 
miZ\' i JX\-2 1 s-^nrts. 

[0041] *lt. 1/^2 

t «* 0 . 04 FfcSjrf J: OK, Vi?XV2l SrBfStf) 
W->\,Zrt?-=.V?-$-h. Z0)kZ, V : JXV2l 

m<&i0>m.mi KvMwizn&xoizix^z. 

[004 2] <Mc. Timi6Z%®t lX*-v*Z?i 

*2a*tttfi 2<r>?A)\><v>m\ 7immtb. %<n 

gioftiuvi iaHBBfc&2attttffii 2<o 
1 4 1 ^£(iffi^Hgs#&j£$ ftt . 
[0043] 05 I fcjjrfJ: 3 fc. SllO&tl 
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$1 l^l:ilT«l 6fcxyf-ymitfW» 

2<?>m®i2(7)%mfti7mmzti?>. *<m&. 
c o o 4 4 1 ft. *mmmmcr>mm 4 ;n o <o« 

(i. 3-f;P<7)^( 1 ijS:^ .ydftyr(.£7)^{cJ:0^-ri»^ 

£k t> iSffl-r h z t awe* o zvmsttm 2 <dt 
10 vmi 3wi 6#%<. m&i4tmm±.izBi8.z 

ft, iWfel 7#tgS#ffi?l 5Jhfc#JSSftfc«j«i:$r*J 

i4,i7 ztmm 1 5 t-tftM^«t 

hZbWX'Zh. 

[0045] LfrLtcifih. ftHzm&LtziiolzaJiv 
<r>m%*W>i l z)!cl.X±%<, HH^/KDTX^hJt 

&±%<ikot??>i&enz^ njfrvmmmm 

20 [ 0 0 4 6 ] , *H66^«t1i, % 1 1 

iw«fti 4<F>m&wm\ 5x-£mmzwhtix^ 

tMzmbtLX\i&<mii%\>\ tmmi 5*^<tt, 

<?>mm\ 2m<nTW&i6t?>m&im&%tix^ix 
\i. mw\ 4<r>±m<r>-%&zymm smuwsm^h 
^xi,nm*4)vtLxmtii-£hz.tiMmx'hh. 
[0047] iMco^mmmmcomm^^ ^ 1 0 t«t 

30 mtftim® 1 5 c j: 0 a^ft-cfc 0.^2 <o««» 1 2 

7m&ztix^tztiz±«). tmmi5iz£*)34 

;H0«0#S<*14, 17*fl»HaieiWMi'fi£i:*» 

t* * . c ftfc: j: >) . 2^<nm.u \\Mf\2 nmm 

Zmxm®. IX t» . 14.17 *>'^MWi-Si$ft 
*l.!t46 l J-^$r%4L^V^T\ 3>f^5BHBifiatJ: 

3<()V&m<lXb.m#l4. 17 
*«iaS««Sft6fc«>. 3^f/i,5:ta!*J:0ff<-tS>:fc 
40 tfX'ZZ. mtii4umW±<omZI<Z&fiiX'*2>. 
T, 3 4/KDTX^? hJt (3^f;^ffi$/3-fyPO 
ff) SSJUcMttf 3Ui:K:±tf Si I. fc* 
(C, 3-<^c0iI$|-Ji^LT3-f^c7)ffitjt&^ 

c 0 0 4 8 ] $ ^k, mm 1 5 T5isit#«csofaii 
^«*«fi:Sft*fcft. 3-rn*jft«>£** "j 

[0049] ±3*OW(K»B!l^«ll3-f 1 0«OJ: 3 

50 «tt : ?*ii&t&am+bzbtfTZ6. zcow&nm 
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[0050] 06te#?S^te?)0tS6<7>J$Bi LT . 4 
3 3 1 *OJb#<OJUI«*3 T 3 4 fc aiaa&HtfiCtt 

6»1 05£8SS3 5 kSS2<7>giHgff3 6 fc it 
T V . SI 1 <?>%®% 3 5 ^rtfflcOfflgP 3 5 B (ctiffitR 

3 8i6«»es*iT^6. miw^aaj3 5^nai 

C7)S&3 5 Afc|(S2<0&|g&3 6<D«J?)fflgB3 6 Bi 

{i«5»T*t <t a esseis 3 9 $*rc w a . z 

j:o»4t*aa*aw>^3ii:*fr*i. zti 
t>v>&mm$mL3 1 ±(c»*s*i. awn 4^3 7 1 
a«3 1 k^iwcuaswf* 'vrmzmti&imm 2 

[0051] £fl»»H»l'Vy H 3 Oti. Mxlf&OJ: 
d iZB&tl i b & . * T . m 7 A fcjj** J: 0 

a«3 lWiifr/i^f-f ^asstc. witr^-v 

n^f (Ni-Fe^i) y*-n>.r kfci 0 . M 

tz. H7BK*tJ:-3fc:, T«6^3T 3 3<7)f^(c, 
&§|3^3 70 2o<7)#&gB3 5, 3 6«ri«M-4fc 
*0«SSII3 9*}Blft-rft. 
[0 0 5 2] iJctc. 7^S7JK4O£0M.(f5,um<DJf 
£ (c^fflWCX n * t feflic, m 7 C fcjR-f J: o \,z , 
tHftBWfeJ: oTTJ|«JH3 7 3 3 cogfrfrfc 

o . wmmizx <o,T)ua-m4o <r>m 

[0053] mz. -yrmmt ixmiifTiusi- 
Mte&mwio. 5umcomzi,zfmt$>. ztuzx 

0. 08D'^-rJ:3(c, T«Ba37 3 3aV««E 
IS 3 9 #7/1/ 5 7irC«*>*l S . Z<7>m 8 DTli, 5tfc 
»lSLfc7/l^57R4 0 k^-v yTTRfc J^«7;P 
S7ffi*>^^«9*flJ(3 2 fc LT^LTV^. 
[00 54] S^T. H8E^-TJ:ac ±.&W.mt 

V&mm 3 9lzay??h tijM4 2 ZBfcth 
fc*>CTJiB»l3 73 3 <0tt««±&^lSgtEtR 3 9 <0 

p»±o** * m <tfiisK3 2 > <D-a5&i^4f 

[0 0 5 5] mz. H8FCjjcf f6&JBt3 2± 

izmmzj iv3 7 <r>m 1 <r>^wM3 5<r>mfo4 3 zb&l 
mftLtzm&?4>\/<?>Bfcfimz®L~>x. tntbiz 
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1 0 

m®3 2±iz* v*Ttm*imi* mm^^m 
TWte^v^ftwu otzmmcmis. 

$*l*«ffl|3 ^ 3 7 <0«<*^) 0 ^<0SF5 1 3 5 

H»3 5tfM|*4 3*]ttftt6. <I<7)*tt4 3ti, 
-*05g§54 3 A««»8Bt83 9com»£0«m4 2 
*tt»4J:3Jc»«$<i, C:^J:0^1<O^ii^3 5 
10 ^^4 3t^IfiS3 9fc«om^B^^^$^S. 

[ o o 5 6 ] a*:, i^ ^ h mmmuxr-t h > t i 
mmitzm, 4*y*vi-yymmt l zx®W4 3TV. 

xtmm (m2<7)im®i stws-ts) mmr^ 
-tmrnmo. 2xim<7)ji§K{£ML. mmu>\s3 
7<7)?*>mi mmm 3 5 * . 

[00 5 7]?l^^#. H9Gfc«tJ:ai£, Hafcjf 
«3-f^3 70»2tf5««*3 6tf5il*4 4*»«'t 
h.WiliZ. mmmtk 3 9 c7)mf^g5±<7)«eE7L4 2 Srffi 

20 »Tv^ffiMai^x.y?-^i^i-f$. a(c, mm 
m3 5cnm#;4 3imdtm®±.izTtmz®mL. 

TiOiCS 1 cogUgff 3 5 «H(CEia*^rf5 «fc o t 
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